Introduction

S
tudies from many Western countries have consistently shown that young adults with a history of adverse childhood experiences (ACEs) have greater risk for a multitude of problems, compared with their peers without ACEs. Examples include low educational attainment, [1] [2] [3] unemployment, 1, 4 substance abuse, 5, 6 premature death 7, 8 and suicidal behavior. 9, 10 ACEs generally include adversities such as abuse, neglect and growing up in a dysfunctional household, 11, 12 the latter being characterized by substance misuse in the home, mentally ill family members, incarcerated parents etc. 12 When compared with the general population, individuals with a history of ACEs have increased rates of health problems, especially in the area of psychiatric morbidity. 5, 12 ACEs tend to occur in clusters rather than as single events or experiences 1, 12 . Clustered ACEs have a strong graded relationship to negative health and social outcomes. 1, 5, 12 Given that negative health and social outcomes are far more prevalent in individuals with a history of ACEs, people exposed to ACEs may become especially sensitive to social exclusion. 13, 14 Disability pension (DP) is an obvious marker of social exclusion, since it (in practice) permanently excludes a person from the labor market. In most European countries, DP is granted to adults who for medical reasons are unable to work for the foreseeable future, with the purpose of providing a basic level of economic security. 15, 16 Rates of DP are high in many Western countries and have increased in the last decades, also in Scandinavia. 15, 17, 18 For young people, this increase over time is mainly due to more DP being granted for psychiatric conditions. 15 As adults with a history of ACEs have much higher risks of serious mental health problems than their peers, 5 ,12,19 they should logically also be overrepresented in DP-populations. However, to date few studies have examined the association between ACEs and DP, 13, [20] [21] [22] [23] specifically cumulative ACEs and DP. 20, 21 The few existing studies demonstrating an association between ACEs and DP have suggested that unfavorable conditions in childhood predict DP due to sickness in adulthood, 21, 23 and also that conditions during childhood may affect health behavior and conditions during adult life. 21 Among well-established and important mechanisms through which exposure to ACEs may adversely impact later health, educational attainment and school performance have been pointed out. 2 Exposure to ACEs may lead to worse school performance, 9 which in turn is a predictor of DP. 24, 25 Using comprehensive longitudinal register data on all persons born in Sweden 1973-78, the aims of this study were to examine: (i) the association between different ACEs and DP; (ii) the effects of cumulative ACEs on DP and (iii) the mediating role of school performance.
Methods
Sweden has a long tradition of keeping national high-quality registers, with individual data on health and sociodemographic variables. These registers are based on the individually unique 10-digit personal identity number (PIN) that follows every Swedish resident from birth (or time of immigration) to death. The PIN renders possible linking of the different registers. We retrieved information from 11 national registers, listed in table 1.
Study population
The cohort was defined as all individuals born in Sweden between 1973 and 1978, who were alive and resided in Sweden on 30
December 2008 (n = 529 281). We followed the example of a Norwegian register study on DP, 26 and excluded individuals who were granted DP before age 23 (n = 5839; mainly persons with severe learning disabilities or multi-handicaps). In addition, we excluded 562 individuals who were absent in the National School Register that contains information on grades from the final year in compulsory school. Not being registered is a strong indication that the person did her/his compulsory schooling in special education for children with learning disabilities. The final sample comprised 522 880 individuals, aged 30-35 years at the time of follow-up (2008).
Exposure measures
ACEs were selected based upon prior research demonstrating them to have significant adverse health or social implications. 5, 12, 21, 27 We included the following seven ACEs, occurring between birth and age 18: parental death, parental substance abuse, parental psychiatric disorder, substantial parental criminality, household in which mother received public assistance, parental DP and substantial child welfare intervention. All ACEs were treated as binary variables (yes/no). Parental substance abuse was defined as at least one parent hospitalized with a substance abuse related diagnosis. Substantial parental criminality was defined as any criminal conviction leading to a sentence to prison, probation or forensic psychiatric care. Household public assistance, used as a proxy for relative poverty, was defined as having a mother who received public assistance that constituted more than 50% of the yearly income during one year or more. In Sweden, public assistance is a form of cash income allowance from local social authorities after a thorough individual means test, designed to guarantee people a minimum standard of living. 28 Substantial child welfare interventions was defined as at least one placement in out-of-home or respite care before age 18 years.
Outcome measures
All residents in Sweden are covered by national health insurance and can be granted DP before age 65 (age of retirement), if their work capacity is reduced permanently or for long time due to the disease or injury (after a thorough medical assessment). The DP benefit covers at least 65% of lost income. Outcome was set as collecting DP in 2008.
Covariates
Several confounding factors related to parental demographic and socio-economic circumstances were included. Parental country of birth was categorized as Sweden (both parents Swedish born), mixed (one Swedish born), other Nordic (Denmark, Norway, Finland or Iceland), other European, and non-European. Highest parental educational attainment was classified as compulsory school (9 years), secondary school (10-12 years) and university/ college (>12 years).
Own poor school performance is associated with both ACEs 2 and DP, 26 and has been identified as a causal factor for mental health problems among children and youth. 29, 30 Using the individual's grade point average (GPA) from the final year of compulsory school (age 15-16), we defined poor school performance as having a GPA corresponding to the 1/6 poorest school performers in the entire same-aged population, i.e. less than the mean À 1 standard deviation (SD).
Statistical analyses
Statistical analyses were conducted using SAS v.9.4. Among the different statistical procedures, we chose binary logistic regression analyses to statistically evaluate the association between ACEs and DP, presented as odds ratios (OR) with 95% confidence intervals (CIs). Alternatively, we could have used Cox hazard models of time to first DP. However, we only had annul and not monthly information on DP. Thus, the person time variable would not have varied a lot. Each adversity was analysed separately. We also analysed effects of cumulative ACEs, in which the total number was summed. As incidence of DP differs between women and men, 31 all analyses were stratified by sex. Three regression models were examined: Model I adjusted for birth year, and Model II also for parental country of birth and parental educational level. In the third model, all ACE were included simultaneously.
Mediation analysis was conducted for women and men separately. 32 In addition, the Sobel test was used to measure the statistical reliability of the degree of mediation. 33 As both the mediator and the dependent variable (DV) were binary, logistic regression analyses were used. We first regressed the hypothesized mediator (poor school performance) on the independent variable (IV), i.e. ACEs. Secondly, the DV, i.e. DP, was regressed on the IV. Third, the DV was regressed on both the IV and the mediator. Mediation was considered to occur if the relationship between the IV and DV could be partially or totally accounted for by the mediator. Parental psychiatric disorder is a crude proxy for genetic liability for psychiatric disorder in offspring, and may increase the risk of experiencing other ACEs as well as the risk for DP. Thus, in secondary analyses parental psychiatric disorder was excluded from the list of ACEs and considered a confounder.
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Results
Our cohort of 522 880 individuals was evenly distributed between the sexes (48% women and 52% men). Twenty-five percent had been exposed to at least one adversity, and 9% had experienced two or more ACEs (table 2) , where substantial parental criminality and parental DP were the most common ACEs.
In the entire cohort, 2.3% received DP in 2008 (3.0% of the women and 1.7% of the men). Compared with the general population, DP-recipients had higher rates of poor school performance (43 vs. 18%). It was somewhat more common among those with DP to have parents born outside of Sweden (14 vs. 11%), and to have parents with lower levels of education. Those with DP had been exposed to ACEs to a greater extent their peers (table 2) . Nearly half of the DP population had been exposed to at least one ACEs before their 18th birthday (44% of the women and 51% of the men). Table 3 presents the crude and multi-adjusted ORs with 95% CI for risk of DP by exposure to ACEs by sex. All ACEs were associated with an elevated risk of DP in both women and men. For women, ORs ranged from 1.4 (95% CI: 1.3-1.6) for parental death to 4.2 (95% CI: 4.0-4.7) for substantial child welfare intervention. For men, ORs ranged from 1.7 (95% CI: 1.5-1.9) for parental death to 5.6 (95% CI: 5.2-6.1) for substantial child welfare intervention. Thus, the odds of DP was more pronounced for men compared with women. Although all risk estimates decreased in the multiadjusted model (Model II), all ACEs were associated with a significantly increased risk for DP. The odds decreased markedly when all ACEs were included in the same model (Model III).
However, several of the ACEs were still associated with elevated odds for DP.
There was a graded relationship between total number of ACEs and DP for both sexes (table 3) . For females, ORs ranged from 2.0 (95% CI: 1.8-2.1) for one adversity to 4.6 (95% CI: 4.1-5.1) for 4+ ACEs. The corresponding ORs for males were 2.3 (95% CI: 2.1-2.5) for one adversity to 7.7 (95% CI: 6.8-8.8) for 4+ ACEs. The gradient remained for both sexes in the fully adjusted model (Model II).
In the mediation analyses (see Supplementary figure S1 ), all ACEs (IV) predicted low school performance (mediator) for both sexes. In the second step, ACEs (IV) predicted DP (DV). In the third step, which included all three variables (IV, DV and the mediator), the relationship of ACEs (IV) with DP (DV) decreased, but remained significant. The Sobel test confirmed that poor school performance significantly mediated the association between ACEs and DP for both women and men.
Lastly, we performed sensitivity analyses in which we excluded parental psychiatric disorder from the ACEs and considered it as a confounder. In these analyses, the association between ACEs and DP remained significant (see Supplementary table S2) .
Discussion
Research on the effect of ACE on DP is scarce. In this large cohort study of 522 880 Swedes, we found that exposure to ACE was significantly associated with an elevated risk of DP. All studied ACEs entailed greater risk of DP for both women and men, with odds for DP more pronounced for men. The risk of DP grew higher with increasing numbers of ACEs, and the association of ACEs on DP was mediated by school performance.
Firstly, we found higher odds of DP among individuals with a history of ACEs, when compared to those without experience of ACEs. Crude ORs were 1.5-to 4-fold for females, and 1.7-to 6- Absolut numbers and column percentages.
fold for males. Adjusting for confounding factors, such as parental country of birth and parental educational level reduced the ORs, but did not obliterate them. These findings are consistent with those reported in other countries, [20] [21] [22] demonstrating that receiving DP is a frequent phenomenon among individuals exposed to adversity, also in the Swedish welfare state. Among the studied ACEs, child welfare intervention entailed highest odds for DP in both sexes, which was also recently reported in a Swedish study using a similar cohort. 25 Secondly, the impact of ACEs on DP appeared to be cumulative, i.e. the risk of DP increased with increasing number of ACEs. Similar findings have been reported in prior studies. 21 However, earlier studies have typically used self-reported information, entailing risk for recall bias.
Thirdly, the association between ACEs and DP was mediated by school performance. These findings are in line with prior studies demonstrating low educational attainment as a mechanism through which ACEs may adversely impact later health. 1, 2, 30 In most countries with high labour force participation, women have higher DP rates than men, 31 which was also seen in our study. Within the DP population, ACEs were more common in men than in women, and we found significant interactions between ACEs and sex. Furthermore, our sex stratified regression analyses revealed that the effect of ACEs on DP was slightly higher in men than in women, indicating that childhood disadvantages are more likely to be related to DP for men. Another Swedish study examining ACEs as explanations to DP among young men revealed that ACEs are of major importance to understand DP among young men. 35 One potential explanation to these associations is that, as women already had higher DP rates, ACEs may not discriminate as much for women as for men.
There are different possible explanations for the current findings. Accumulation of risks over the life span has been suggested as one etiologic pathway in a life course approach to persistent health problems. 36 Exposure to childhood adversity is a major contributor to increased stress levels in childhood, 37 and cumulative exposure to childhood stress may lead to allostatic overload, causing enduring brain dysfunction, which in turn may affect health and quality of life throughout the lifespan. 12, 38 Studies on the long-term consequences of ACEs have also demonstrated that alterations in a child's ecology can have effects on her or his developmental trajectory, with lifelong consequences for educational attainment, economic productivity, health status and longevity. 37 It has been well established that ACEs are strong predictors of psychiatric disorders, 5, 12, 19 and DP in the age span of our cohort is mostly related to impaired mental health. 15 In an attempt to take genetic factors into account we therefore conducted a sensitivity analysis excluding parental psychiatric disorder from the ACEs. The associations remained also in these analyses.
Psychological explanations suggest that ACEs, and in particular cumulative exposure to ACEs, may lead to lower self-esteem and self-worth, which in turn increase the risk for negative health and social outcomes. The fact that exposure to ACEs may impair children's cognitive ability 37 has been pointed out as a potential explanation for the association between ACEs and low educational attainment and unemployment, 4 and also between ACEs and DP. Poor school performance is a powerful predictor of DP. 24, 26 Over 40% of the DP-recipients in our study were low achievers in primary school.
Strengths and limitations
This study has several methodological strengths, including the longitudinal population-based design, use of national registers with high completeness and no loss to follow up, and the large cohort size (which maximized statistical power). Previous studies on ACEs and DP have often been retrospective and based on self-reported information, entailing risk for recall bias (e.g. under-reporting of ACEs). With respect to choice of statistical analysis, although we chose to use a binary logistic regression approach, we did perform analyses taking person-time at risk into account. These regression analyses yielded basically identical results as the ones presented (data not shown). Our findings should be interpreted in the context of the following limitations: First, we lack information on important ACEs, including abuse and neglect (two of the cornerstones in ACEs studies). However, substantial child welfare intervention may be viewed as a crude proxy for abuse/neglect. Although reasons behind child welfare interventions are not available in the national register, placements in out-of-home care and respite care (both invasive interventions) are usually related to some form of child maltreatment. Another limitation is that we did not have access to data on the underlying cause of DP. However, by looking at data from other studies on same-age Nordic populations, it seems reasonable to assume that the great majority of DP recipients in our cohort were granted DP due to impaired mental health. This is a register study with inherent limitations regarding available data on potentially important confounders. A prominent example is childhood experience of persistent bullying. 39 Another limitation is that we have not examined the fluidity of ACEs but rather, as done by others 40 treated them as discrete life events. Finally, we do not know if and how far our results can be generalized to national contexts outside the Scandinavian welfare states. Our findings give further support to the research underlining the importance of childhood environment for health later in life. Individuals with a history of ACEs should be regarded as a highrisk group for future DP and subsequently for permanent exclusion from the labor market.
From a prevention perspective, detecting and reducing the influences of ACEs at an early age, to reduce the risk of accumulations of ACEs over time, is crucial in order to determine whether children exposed to stressful environments are on a trajectory with increased risk for later morbidity. Since the economic burden for the society of providing DP from young adulthood to old age is substantial, effective early preventive interventions have a strong potential to be cost-effective from a life-course perspective.
Poor school performance explained part of the increased risk for early DP among individuals exposed to ACEs, when compared with majority population peers. Studies have shown that children exposed to adversity often have substantially poorer school performance than peers with similar cognitive capacity. 4 Assuming that school performance is a causal risk factor for DP, this 'achievement gap' opens up a credible window of opportunity for interventions aiming to reduce the likelihood of future exclusion from the labour market.
Conclusion
This study provides evidence that ACEs is associated with an increased risk of DP, particularly when accumulated. The effects of ACEs should be taken into account when considering the determinants of DP, and when identifying high-risk populations that should be given prioritized access to subsidized interventions.
Supplementary data
Supplementary data are available at EURPUB online. 
Key points
Research on the effect of adverse childhood experiences (ACEs) on DP is scarce. The current study shows that exposure to ACEs is associated with a substantial increase in the risk of later DP. Findings further show that the risk of DP grew higher with increasing numbers of childhood adversities, and that the association of childhood adversities on DP was mediated by school performance. The effects of ACEs should be taken into account when considering the determinants of DP, and when identifying high-risk populations that should be given prioritized access to subsidized interventions.
Background: Sickness absence (SA) among pregnant women is high. The aim of this study was to examine whether factors known to predict SA in general also predict SA during pregnancy by estimating the association between prior mental distress and musculoskeletal pain and SA during pregnancy, and to assess the influence of familial (genetic and shared environmental) factors. Methods: In this prospective cohort study, data from 2076 female twins born 1967-79 who participated in a questionnaire study in 1998 were linked to register data on SA and childbirth during the years 1998-2008. Baseline measures included mental distress (symptoms of anxiety and depression; SCL-5) and musculoskeletal pain (lumbar spine, neck/shoulder and/or persisting muscular pain). SA was measured as a ratio of days on SA divided by potential working days. Negative binomial regression was performed for individual and within-pair effects. Results: Musculoskeletal pain, but not mental distress, was prospectively associated with overall SA during pregnancy in the adjusted individual-level analyses. With each standard deviation increase in musculoskeletal pain, SA granted for any disorder increased with 12% (IRR 1.12, 95% CI = 1.07-1.17) and SA granted for pregnancy related disorders increased with 9% (IRR 1.09, 95% CI = 1.02-1.17). Within-pair estimates were similar, suggesting little or no familial confounding. Conclusions: Women with previous musculoskeletal pain are at increased risk of SA during pregnancy, whereas no increased risk in women with previous symptoms of mental distress could be demonstrated. SA during pregnancy seems partly to be associated with different factors than SA in general.
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